Background and Purpose-Noncontrast computed tomographic (CT) hypodensities have been shown to be associated with hematoma expansion in intracerebral hemorrhage (ICH), but their impact on functional outcome is yet to be determined. We evaluated whether baseline noncontrast CT hypodensities are associated with poor clinical outcome. Methods-We performed a retrospective review of a prospectively collected cohort of consecutive patients with primary ICH presenting to a single academic medical center between 1994 and 2016. The presence of CT hypodensities was assessed by 2 independent raters on the baseline CT. Unfavorable outcome was defined as a modified Rankin score >3 at 90 days. The associations between CT hypodensities and unfavorable outcome were investigated using uni-and multivariable logistic regression models. Results-During the study period, 1342 patients presented with ICH and 800 met restrictive inclusion criteria (baseline CT available for review, and 90-day outcome available). Three hundred and four (38%) patients showed hypodensities on CT, and 520 (65%) patients experienced unfavorable outcome. In univariate analysis, patients with unfavorable outcome were more likely to demonstrate hypodensities (48% versus 20%; P<0.0001). After adjustment for age, admission Glasgow coma scale, warfarin use, intraventricular hemorrhage, baseline ICH volume, and location, CT hypodensities were found to be independently associated with an increase in the odds of unfavorable outcome (odds ratio 1.70, 95% confidence interval [1.10-2.65]; P=0.018). Conclusions-The presence of noncontract CT hypodensities at baseline independently predicts poor outcome and comes as a useful and widely available addition to our ability to predict ICH patients' clinical evolution. 
S pontaneous intracerebral hemorrhage (ICH) accounts for
≤15% of all strokes and is associated with a poor prognosis. 1 Several neuroimaging features are associated with worse clinical outcome, including larger baseline hemorrhage volumes, 2 presence of intraventricular hemorrhage (IVH), 3 infratentorial location, and the computed tomographic (CT) angiography (CTA) spot sign. 4, 5 Among them, the CTA spot sign (and derived spot-sign score) has been shown to accurately identify those patients at highest risk of hematoma expansion, early mortality, and poor functional outcome. 4, 6 However, CTA is not readily available in many centers, and often noncontrast CT scan is the only available imaging tool. Therefore, a better understanding of noncontrast CT-based neuroimaging markers of outcome may help improve prognostication and stratification of patients for specific therapies.
Because prognostic scores are currently imperfect tools, 7 several lines of evidence suggest that the noncontrast CT appearance of the hematoma on neuroimaging can potentially provide additional prognostic information. Several groups
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have published overlapping sets of findings examining heterogeneity or irregularity of the hematoma itself. It seems that any type of hypodensity within the hematoma may mark those with ongoing bleeding, that is, those at risk for further expansion. 14 However, the impact of these findings on outcome is unclear and scantly reported. 13 Baseline noncontrast computed tomography (NCCT) hypodensities, as an easily assessable and widely available predictor of expansion, represent a promising marker for predicting clinical outcome and a reasonable candidate for helping clinical care stratification at presentation.
The current study aims to assess whether baseline CT hypodensities can be used to improve identification of ICH patients at risk of poor clinical outcome and investigate the impact of other baseline NCCT markers on outcome.
Methods
Study Population
A total of 1352 consecutive primary ICH adult patients admitted to a single academic tertiary care medical center and enrolled in an prospective cohort study (as previously described 15 ) were screened for inclusion between January 1994 and January 2016.
Patients were excluded from the current study because either (1) the baseline CT was performed outside the 24-hour time window from the patient's last known well, (2) the patient had primary IVH, (3) the baseline ICH volume was <1 ml, (4) the patient was included in ICH-related clinical trials, (5) the patient had ≥2 simultaneous ICHs, or (6) there was unreliable follow-up data.
This study was performed with approval and in accordance with the guidelines of the institutional review board at the Massachusetts General Hospital, which allows us to collect data on all subjects with ICH treated at Massachusetts General Hospital.
Clinical Characteristics
Data collection and subjects' recruitment have previously been described in detail.
14 In brief, clinical data were prospectively collected through inperson interviews with the patients or their surrogates by trained study investigators. Admission variables, including Glasgow coma scale, time of symptom onset, and time of baseline CT were also acquired prospectively. A known time of onset was only recorded if it was witnessed or confirmed by the patient within a 15-minute margin of error. Otherwise, time since onset of symptoms was recorded as unknown. All patients were treated according to a standard institutional protocol during the recruitment period (current version available online at https://www2. massgeneral.org/stopstroke/treatmentProtocols.aspx).
Modified Rankin scale (mRs) was assessed at 90 days through in-person interviews by senior physicians or a phone call by trained study staff. Poor outcome was defined as (1) the inability to walk or attend to own bodily needs without assistance (mRs score =4), (2) being bedridden, incontinent, and requiring constant nursing care and attention (mRs score =5), or (3) death (mRs score =6).
Imaging Acquisition and Interpretation
NCCT acquisitions were performed according to standard departmental protocols on 16-or 64-section General Electric helical CT scanners (General Electric Medical Systems) using axial technique with 120 to 140 kVp, 170 mA, and 5-mm slice thickness reconstruction.
The presence of CT hypodensities was assessed by 2 independent raters (Radiologist, Dr Boulouis; Neurologist, Dr Morotti) on the baseline CT blinded to follow-up scan, as well as outcome data, using a fixed reading window of 110 HU and a level of 50 HU as described previously.
14 Hypodensities directly connected to the outer surface of the hematoma were not considered positive.
Other noncontrast CT markers, including heterogeneity and irregularity (according to Barras et al 12 ) and presence of the Blend Sign (according to Li et al 10 ), fluid levels (according to Blacquiere et al 8 ) , and the swirl sign (according to Selariu et al.) 11 were also rated independently. See Figure I in the online-only Data Supplement for visual examples of each of those signs. Disagreements were adjudicated by consensus.
The hemorrhage locations were ascertained by trained study staff and categorized into lobar (believed to be originating from the corticalsubcortical junction), deep (affecting the deep supratentorial white matter or the basal ganglia), or infratentorial (brain stem and cerebellar).
ICH and IVH volumes were calculated by study staff blinded to clinical data according to standard protocols using available software (Alice; PAREXEL International Corporation, 15 and Analyze 10.0; Mayo Clinic 16 ). Additionally, spot signs were read in patients who received a CTA at baseline, as described previously.
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Statistical Analysis
Continuous variables were summarized using means (SDs) or medians (interquartile ranges), where appropriate, and discrete variables were summarized using counts (percentages). Chi square tests, Fisher exact tests, t tests, and Mann-Whitney tests were used as appropriate for the univariable analysis, with a P value <0.05 as the threshold for statistical significance.
We constructed a multivariable logistic regression model to determine the correlation of the presence of hypodensities with unfavorable outcome at 90 days, adjusting for variables with a P value ≤0.1 in univariable analysis.
Sensitivity analyses were conducted with the same approach further including patients with only discharge mRs available.
All tests of significance were 2-tailed, and a P value of <0.05 was considered statistically significant. Statistical analyses were performed with JMP Pro 12 (SAS Institute Inc, Cary, NC).
This report was prepared according to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement.
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Results
Study Population
Among the 1342 patients with primary ICH presenting during the study period, 1080 met our study criteria and 800 had available clinical information at 90 days (see Figure 1 for patients selection details). Detailed baseline characteristics are displayed in Table 1 .
Among the 800 included patients with restrictive criteria, 304 (38%) demonstrated hypodensities on the baseline noncontrast CT (Interrater agreement 0.87; 95% confidence interval [CI] 0.77-0.97). Patients with hypodensities were more likely to be younger (P=0.08), to be on warfarin (P<0.0001), to have an elevated international normalized ratio (P<0.0001), to have lobar or deep ICH (P=0.006), to have a lower Glasgow coma scale (P<0.0001), as well as to have a larger ICH volume (P<0.0001). Please see Table I in the online-only Data Supplement for the baseline characteristics of the full cohort.
Outcome
A total of 521/800 patients (65%) experienced unfavorable outcome, including death in 373 (47%) at 90 days. Univariable analyses (see Table 2 ) showed that patients with unfavorable outcome were twice as likely to have baseline CT hypodensities when compared with those with favorable outcome (48% versus 20%; P<0.0001). Figure 2 details mRs scores in patients with and without CT hypodensities.
After adjustment for age, admission Glasgow coma scale, warfarin use, IVH presence, baseline hemorrhage volume, and location, the presence of hypodensities remained independently associated with unfavorable outcome (adjusted odds ratio =1.70, 95% CI 1.10-2.65; P=0.018; see Table 3 for detail).
The association remained significant when using IVH volume in the multivariable model instead of IVH presence versus absence (hypodensities adjusted odds ratio for poor outcome =1.64, 95% CI 1.05-2.56; P=0.0289) and when further adjusting our model for time from onset to CT (data not shown).
Sensitivity Analyses
A sensitivity analysis was conducted among all 1080 patients, carrying forward the discharge mRs for those patients (280; 26%) without 90-day assessment, and that did not change the magnitude and significance of the results in the same multivariable model (CT hypodensities adjusted odds ratio for poor outcome =1.78, 95% CI 1.23-2.6; P=0.0027).
Other NCCT Predictors of Expansion
Similar approaches were used, entering previously reported NCCT predictors of expansion in the same logistic regression model to test associations between these markers and mRs score >3 at 90 days. In these models, we found that an irregular shape (score ≥3 according to Barras et al 12 ) was independently associated with poor outcome (please see Tables II and  III in the online-only Data Supplement), but other predictors did not achieve significance.
Discussion
In this study, we demonstrated that the newly described baseline noncontrast CT hypodensities predict poor outcome in primary ICH patients.
Although numerous groups have examined the value of other NCCT markers in predicting hemorrhage expansion, 3, 8, 9, 19, 20 the data regarding their impact on clinical outcome remain meager. 13 We found that of these other NCCT markers, only hemorrhage irregularity is independently associated with worse functional outcomes.
The pathophysiology of CT hypodensities remains, to date, elusive. Hypodensities are related to shorter time to CT, larger hemorrhage volumes, and anticoagulation (all being associated with more severe presentations and worse outcomes), as well as the CTA spot sign 5 and, therefore, present an easily assessed acute-phase prognostic sign. From a pathophysiological standpoint, CT hypodensities seem to mark those hemorrhages captured at an earlier evolution stage (ie, less mature ICH), 14, 21 independent of time since onset, with perhaps higher risk of subsequent expansion. It has been shown that relative hypodensities in acute hemorrhages represent unclotted (eg, more recent) blood. 21 However, the question of whether the presence of hypodensities marks sites of active bleeding or conversely corresponds to impaired local coagulation processes remains unanswered. 8 In a previous work, we have shown that the presence of hypodensities was associated with hemorrhage expansion, independent of the presence of the CTA spot sign. 14 We also showed that although being partially overlapping spatially with spot sign in patients with available CTAs, hypodensities were not seen in all patients with spot sign, and conversely, some patients with hypodensities showed no spot sign. Therefore, NCCT hypodensities may represent a subtly different neuroimaging feature.
Overall, our findings support the inference that hypodensities capture immature hematomas, with higher risk of subsequent expansion independent of time since onset, which likely explains their association with poor clinical outcome.
Some important points deserve mention. First, the baseline hemorrhage volumes in patients with hypodensities were over 3-fold higher than those without (Median 43 mL versus 12 mL). It is known that larger presenting hematoma volume is associated with significant hemorrhage expansion, as well as poor clinical outcome. 2, 22 Although hypodensities were independently associated with poor outcome in our sample, it may still be that abnormal CT findings are more frequent (by chance) in larger hematomas, simply because of greater opportunity to capture them.
Second, we note that hypodensities have low sensitivity for poor outcome in our sample. However, both specificity and positive predictive value were conversely high (81%, 95% CI 79%-90% and 82%, 95% CI 80%-91.7%). Operationally, this means that CT hypodensities might better serve as an ominous prognostic sign when present but, perhaps, may not be as reassuring when absent.
The strengths of this study are its large sample size, the prospectively acquired clinical data, and the small number of excluded patients because of a lack of available follow-up data.
There are limitations to the current analysis, first being its retrospective design and the fact that it was performed at a single academic center. It is likely that the referral patterns concentrated the more severe patients to our center, thus, limiting the external validity of our findings to similar settings. Our findings will, therefore, require replication in an independent cohort. In addition, over the study period, clinical practice may have significantly varied, as well as the imaging protocols. Finally, we were unable to adjust for early withdrawal of care, known to be an important confounder in studies investigating outcome.
23
Conclusions
The presence of noncontrast CT hypodensities at baseline is associated with poor outcome, independently of other variables, and comes as a useful addition to our ability to predict ICH prognosis.
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